Processed cheese spreads were produced using Ras cheese and various emulsifying salt mixtures. Acidified Ras cheese (2 months old) was used as the cheese base and blended with following emulsifying salt mixtures: (i) Na-pyrophosphate + Napolyphosphate, (ii) Na-pyrophosphate + Na-polyphosphate + Na-tripolyphosphate, and (iii) Na-pyrophosphate + Na-polyphosphate + Na-orthophosphate + Natripolyphosphate. The control cheese spreads were also made with commercial emulsifying salts, Joha S10, S9s, and NO. Water activity, oil index, meltability, flow behavior, color parameters and sensory evaluations for the resultant processed cheese were studied. Cheeses showed slight differences in water activity while the differences were significant in oil index and meltability values. Shear stress of the processed cheese samples measured at 60°C was different from that of the control. It was dependent upon the individual salts in emulsifying mixture. Spreadable Ras cheese was shinier in treatment (iii) and exhibited darker color in samples stored at room temperature (20°C). Sensory evaluation showed that all cheeses were acceptable but the mixtures (i) 70:30, (ii)
INTRODUCTION
Processed cheese is becoming increasingly popular form of cheese worldwide, with continuous increase in its production. It is produced by blending shredded natural cheeses of different types and degrees of maturity with emulsifying salts (ES), coloring agent and water, and heating the blend under a partial vacuum with constant agitation until a homogeneous mass is obtained (Caric and Kalab, 1993) . Emulsifying salts are of major importance in its production. The essential role of emulsifying salts in the manufacture of processed cheese is to supplement the emulsifying capability of cheese proteins. This is accomplished by removing calcium from the protein system, and peptizing, hydrating, swelling, solubilizing and dispersing the protein. In addition, it emulsifies fat to stabilize the emulsion, controls pH and forms an appropriate structure after cooling. Ras cheese is one of the popular hard cheeses in the Mediterranean countries, particularly in the Middle and Near East. It is similar to Caskawal cheese in body, texture, and flavor and they are sometimes marketed under the name Roumy cheese (Hofi et al., 1970) . In view of the different properties of the individual groups of emulsifying salts, the correct ratio of the individual components is of great importance when combining them. This depends on the type, age, maturity and structure of the cheese as well as on the desired finished product, the production and packaging plant, and the type of packaging used (Joha pamphlet, 1986) . Processed cheese represented a quarter of the total cheese imports of 42000 tonnes in Egypt in 1984 (Tamime et al. 1990 ). The production of the processed cheese in the national company in 1984 was about 7000 tonnes. The amount of emulsifying salt used in the production of such a large amount of processed cheese was around 210 tonnes and all of it was imported. It costed almost 420,000 Egyptian pounds.
The objectives of this study are to investigate the effect of some formulated salt mixtures on the physicochemical properties of processed Ras cheese spread made from such salt mixtures. This study is also intended to provide recommendations for emulsifying salt mixtures suitable for making processed cheese spread with good sensory attributes using Ras cheese as the base blend.
METHODS

Manufacture of Processed Cheese Spread
Processed cheese spreads were produced using Ras cheese as the base blend. The cheese cheese block was cut into smaller portions suitable for feeding through a shredding machine (Braun Mincer, Germany). The shredded cheese was milled in a Kitchen-Aid mixer. The cheese samples were analyzed for moisture and ratio of fat to dry matter so that a proper recipe can be formulated. The finished products were adjusted to contain maximum moisture of 58% and a minimum fat in dry matter of 45%. Required amount of emulsifying salts, butter and water were added to a predetermined amount of cheese in a steam heated kettle. The mixture was cooked in the kettle with continuous agitation at 80 rpm. The emulsifying salts used were mixtures of (i) terra Na-pyrophosphate (TSPP) + Na-polyphosphate (SPP), (ii) TSPP + SPP + Na-tripolyphosphte (STPP), and (iii) TSPP + SPP + Na-orthophosphate (SOP) + STPP in ratios: (i) 70:30 (Tl), 80:20 (T2) and 90:10 (T3), (ii) 60:30:10 (HI), 50:40:10 (H2) and 40:40:20 (H3), and (iii) 30:30:30:10 (Fl), 40:25:25:10 (F2), 50:20:20:10 (F3) and 60:10:20:10 (F4). The commercial brand names S10, S9 special and NO (Joha, Benckiser-Knapsack, Ladenburg, Germany) were used as a controls. Emulsifying salt mixtures (2.5%) were added to the blend before cooking to 85-90°C for 8.0 min. After cooking the melted cheese was stored at room (20±2°C) and refrigerated (7±2°C) temperatures. The processed cheese was analyzed for water activity, oil index, meltability, flow behavior, color parameters, and sensory properties fresh and monthly up to 3 months at both temperatures.
Water activity
Water activity (a w ) of processed cheese was determined using a Rhotronic Hygroskop DT (Rhotronic Instrument Corp., Huntington, NY). Approximately 10 g of processed cheese at room temperature, from the center of a package and away from the surface, were transferred to the Rhotronic sample cup. After equilibration for a minimum of 3 hr, the percentage of relative humidity was read, and the water activity was calculated. a w = RH/100
(1)
Oil Separation Index
Oil separation for processed cheese spreads was determined according to Thomas (1973) . A cork borer was used for obtaining cylindrical samples of 17 mm diameter x 17 mm length. The sample was gently pressed between a Whatman filter paper No. 41 and incubated at 45°C for two hours. The diameter of the oil spread was measured in mm and was used in the calculation for oil separation index as follows:
Diameter of spread after heating -Diameter of spread before heating Oil separation index = x 100 Diameter of spread before heating (2)
Meltability Measurement
Meltability of spreadable cheese was measured in duplicate using the meltability test apparatus as described by Olson and Price (1958) and modified by Rayan et al. (1980) . A Pyrex glass tube (30 mm diameter and 250 mm length) was used to hold the spreads during the meltability test. One end of the tube was closed with a rubber stopper perforated by a 1-mm glass tube to act as a vent whereas the other end was completely closed with a stopper. A reference line was marked near the closed end. A cylinder (15 ±0.2 g) of the processed cheese was placed in the tube with its edge aligned to the reference mark. The tubes were placed in a vertical position on a rack for 40 min at approximately 40°C and then in a horizontal position in an oven at 110°C for 30 min. Flow of the hot cheese was stopped instantly for measurement with a tilt control rack.
The distance of flow from the reference line to the leading edge of the melted cheese was quickly measured and recorded in mm as meltability.
Flow Behavior
A Brookfield Digital Rotational Viscometer (Model DV-II, Brookfield Engineering Laboratories, Inc. MA, USA) was used to measure viscosity and shear stress in the processed cheese samples at 60°C and at various viscometer speeds (rpm). Approximately 50g processed cheese was weighed in a 100-ml beaker and melted at 60°C in a water bath. The melted cheese was poured into the small sample chamber (19.05 mm diameter x 64.77 mm depth). The spindle NO. 29 (7.62 mm diameter x 27.18 mm length) was suitable for use and the first reading was taken after 5 min at 0.3 rpm. The shear rate (s' 1 ) was calculated by multiplying the spindle rpm to 0.25 (a constant given in the operating manual based on the dimensions for the spindle and the sample chamber). The shear stress was directly read on the viscometer display. Apparent viscosity was calculated by dividing the shear stress value by the shear rate.
Color Parameters
Color of processed cheese samples was measured using a Hunter-Lab optical sensor (0/45 D 25 -PC 2 Hunter Associates Laboratory, Inc., Reston, VA). The samples were placed on the glass plate over the light port and covered with a black box. After the L, a, and b color dimensions were read for a sample, the sample was rotated 90° and read again. This procedure was repeated four times. The Hunter L value represents darkness from black (0) to white (100), the "a" value represents color ranging from red (+) to green (-) and the "b" value represents yellow (+) to blue (-). Hue angle and chroma values were calculated from the "a" and "b" values by the following equations:
Hue is the color represented by red, yellow, green, or blue or an intermediate between any contiguous pair of those four colors. Chroma is the saturation or intensity of the color.
Organoleptic Evaluation
Sensory attributes of samples from processed cheese were evaluated by the faculty and graduate students at Purdue University, Department of Food Science. Scores were assigned for outer appearance (20 points), inner appearance (body & texture) (40 points) and aroma and flavor (40 points) according to the scheme of Meyer (1973) .
Statistical Analysis
Statistical analyses were performed according to SAS Institute (1990) using General Linear Model (GLM) with main effect of treatments. Duncan's multiple range was used to separate among means of three replicates for fresh samples.
RESULTS AND DISCUSSIONS
Water Activity
The water activity of spreadable processed cheese as affected by formulated emulsifying salt mixtures after processing and when stored at 7±2°C or 20±2°C temperature is presented in Table (1) . From the data, it could be observed that the water activity had slight increase in the treatments made with formulated salt mixtures than that with commercial salts. The lower water activity values in the control samples may be due to the effect of emulsifying salts on the chemical composition of cheese product. The treatments made using commercial salts exhibited higher ash and SN contents. Marcos et al. (1981) and Esteban & Marcos (1989) found that the relationships existing between the chemical composition and water activity ( a w) of various types of cheeses is directly proportional to their sodium chloride, ash and non-protein nitrogen contents, as well as to some other parameters. Among the treatments with formulated mixtures either with two, three or four individual salts, there was a slight difference in the water activity. The differences were statistically insignificant. The close values of water activity in the treatments with formulated salt mixtures could be due to the similar chemical composition of processed cheeses in all treatments. Comparing to the water activity of the raw Ras cheese (0.89) it was higher in the spreadable cheese. This is due to the higher moisture content in the treatments resulting from the water added to adjust the moisture in the final products. Hong (1989) and Eckner et al, (1994) found that the water activity increased with increasing moisture content in the processed cheese.
Storage of processed cheese samples up to three months at refrigerator (7±2°C) or room temperature (20±2°C) caused a slight decrease in the water activity (Table 1) . Such effect could be due to the changes in chemical composition of stored samples. The changes were slightly more in the samples stored at room temperature. This may be due to the extensive changes in SN and/or moisture content of cheese samples (Abd ElHamid et al., 1999) . Figure 1 shows the oil index of spreadable processed Ras cheese as affected by emulsifying salt mixtures fresh and after storage up to 3 months. Fresh treatments made with formulated mixtures T^, T2, and T3 exhibited an oil index 26.0, 12.3 and 10.2 respectively, while it was 24.0 for the control S10. The statistical analysis for oil index among this group of treatments indicated a significant difference. Treatment (Tj) had the nearest value to the cheese with commercial salt. On the other hand, T3 showed the lower value among all the rest of treatments. The higher oil index in T\ may be due to the low pH in this treatment comparing to T2 and T3 (Abd El-Hamid et al, 1997). The low pH may cause an adverse effect in the protein bonds and give a loose protein network, which cause the fat unemulsified properly and easy to loss (Shimp, 1985) . The manufactured processed cheese using TSPP + SPP + STPP showed similar trend among the treatments including the control with commercial salt S9s. The statistical analysis indicates a significant difference between treatment H3 and other treatments within the same group. This may be due to the lowest pH value in this treatment amongst all treatments even with two or four salt mixtures. The oil separation was related to the effect of emulsifying salts mainly on peptization and solubility of protein (Abd ElHamid et al, 1997). Oil index for processed cheese samples with formulated mixtures of four individual salts and the commercial Joha NO presented the same trend as found The storage period and temperature affected the oil index of processed cheese treatments. The storage of processed cheese samples up to three months increased the free oil in the product. Such effect was noticed in all treatments including the controls with commercial salts. This is due to the decrease in pH values and to the changes in SN content during storage. The effect of storage on oil index was more higher when the cheese samples stored at 20±2°C. The group of the treatments made using a mixtures of three individual salts (H\, H2 & H3) possessed higher oil index values after 3 month storage. This could be due to the lower pH values in this group of treatments.
Oil Index
Meltability
Figure 2 clear that the meltability as cheese flow (mm) of treatments with commercial salts S10, S9s and NO was lower than that of processed cheeses made with formulated mixtures. These lower values may be due to the effect of emulsifying salt on the creaming action of resulting emulsion. Savello et al, (1989) found that the highly emulsified cheese had poor meltability. The differences among the treatments could be due to the differences in the pH which affect the protein configuration (Shimp, 1985) . Figure 2 also indicated that, the treatments of the processed cheese made using formulated mixtures of four salts had the highest meltability values. Those mixtures contain Na-orthophosphates and have low creaming action. The statistical analysis of meltability values among each group of treatments when fresh showed significant differences.
During storage of processed Ras cheese samples up to 3 months, the meltability values decreased in all treatments even with the control with commercial salts. The decrease was more pronounced when the cheese was stored at 20±2°C. This decrease may be due to the drop in pH and higher changes in SN content during storage. These results agree with those finding of Olson and Price (1961) .
Flow Behavior
The effect of formulated emulsifying salt mixtures of two individual salts on the apparent viscosity of spreadable processed cheese when fresh and during storage periods with respect to shear rates is shown in Fig. 3 . The viscosity was higher in the treatment with commercial salt than any of the treatments with formulated salt mixtures. This trend was shown at all shear rate values. Among the treatments, T\ had the highest viscosity value in comparison to T2 and T3. This may be due to the lower pH in this treatment. The higher viscosity value in the control treatment could be due to the effect of emulsifying salt. The control treatment had higher peptization and creaming action among all treatments (Abd El-Hamid et al, 1999) . The viscosity values of the same processed cheese samples decreased with increasing the shear rates. This is expected for a pseudoplastic material such as processed cheese. All treatments exhibited a decrease in viscosity values upon storage at both the storage temperatures. The decrease in viscosity may be due to the changes in the pH value and soluble nitrogen content of stored processed cheese (Kirchmeier et al, 1978 and Kairyukstene, 1979) . The changes in the viscosity could be also attributed to the changes occurred in protein network during storage (Tamime et al., 1990) . Figure 4 illustrates the viscosity values of spreadable processed Ras cheese made with emulsifying mixtures of TSPP + SPP + STPP in ratios of 60:30:10 (Hi), 50:40:10 (H2), and 40:40:20 (H3). Commercial Joha salt S9s was used for comparison. The treatment (H3) exhibited the lowest viscosity value among the treatments. On the other had, the treatment (Hi) showed a close value of viscosity to that of the control S9s. The differences among all treatments had the same trend at the different shear rates. There were slight changes in the viscosity value after one month and the values markedly decreased after three months of storage for all treatments. Figure 5 shows the flow behavior of spreadable Ras processed cheese made with salt mixtures of four individual salts. The lowest viscosity in fresh processed cheese was observed with treatment Fi which had 30:30:30:10 of TSPP + SPP + SOP + STPP as emulsifying salt mixture. This low value may be due to the higher ratio of orthophosphate and lower percentage of pyrophosphate. The differences among the viscosity values due to different treatments with formulated salts were slight.
After storage of processed cheese samples for one month there was a slight drop in the viscosity value and this drop was more noticeable in the cheese stored at room temperature. The change continued in the samples stored for three months. The previous results on protein distribution and pH of those treatments showed differences during storage, which may play a roll in changing the flow of the cheese. The viscosity decreased in all the treatments when stored up to 3 months at both temperatures.
In general, the cheese spreads made with salt mixtures of four individual salts TSPP + SPP + SOP + STPP exhibited a less viscous processed product than the cheese spreads with salt mixtures of two or three salts. This may be attributed to the orthophosphates, which were included only in the mixtures of four salts. The orthophosphate salt has low creaming action effect and produces a thin processed cheese product (Abd El-Hamid et al, 1999) .
Color Parameters
The effect of formulated emulsifying salt mixtures of TSPP + SPP on color parameters "L", "a", "b", chroma and hue angle of spreadable processed Ras cheese after processing and during storage periods is presented in Table 2 . The Hunter L-value represents darkness from black (0) to white (100) of samples, showed slight differences among fresh treatments. While the treatment made with 70 + 30% of TSPP + SPP exhibited the darker color and the other treatments showed a closer values. The resultant processed cheese was more shinny with increasing the pyrophosphate content in the salt mixture. This effect could be related to state of protein, which is affected by the pH in the product. With increasing amount of pyrophosphate, the pH increased in the sample and the protein became more solubilize and more shinny. Eckner et al., (1994) mentioned that the cheeses made using sodium phosphate exhibited a darker brown color and polyphosphate possessed a more intense orange color based on visual assessment. The differences among the treatment were statistically insignificant. Storage of processed cheese up to three months caused slight changes in Lvalue. The cheese products became slightly darker compared to their color when fresh. This effect was more noticeable in the cheeses stored at 20±2°C. The changes in the value represents white to black color (L) may be attributed to the reaction between protein and sugars, Maillard reaction, in the processed product. Younis et al. (1991) found that the highest color readings (optical density) were for the processed cheese samples stored for about 6 months at room temperature.
The difference among the treatments in a-value was insignificant. Spreadable Ras cheese samples did not show a marked change when stored for three months at refrigerator but the value was slightly lower when stored for the same period at room temperature. The same trend was also noticed in b-value which represents yellow (+) to blue (-) color. The b-value had slight increase with higher a-value in the treatment. The differences in b-values were significant. Saturation or intensity of the color (chroma) was calculated from a and b-values therefore, it was correlated to those values. During storage of processed cheese products, the intensity of color showed slight increase. Hue angle is the color represented by red, yellow, green, or blue, or an intermediate between any contiguous pair of those four colors. The data of hue parameters showed very close values in all treatments. The hue value in the treatment is related to its a and b-values. The changes during storage were very slight and hue values showed slightly higher values in the samples stored at room temperature. Table ( 3) represents the color parameters "L", "a", "b", chroma and hue angle of spreadable processed cheese as affected by formulated mixtures of TSPP + SPP + STPP with comparison to commercial salt S9s. Among the treatments, Hj showed the whitest sample (86.0) but the other treatments including the control had very close values. The difference in L-values among fresh treatments was insignificant. The processed cheese samples stored up to 3 month became little darker than the fresh samples. The data agree with Younis et al. (1991) . The difference in a-value between the control and the other treatments was significant. The difference in b-values was not significant among the treatments. There was slight decrease in the values when the cheese stored at refrigerator or room temperature. The chroma and hue angle were correlated to a-and b-values in the treatment when fresh and during storage.
The color parameters of spreadable processed Ras cheese made using formulated emulsifying salt mixtures of four individual salts comparing to Joha salt NO as control are shown in Table (4). The samples possessed a color represents black and white (L-values) very close. The difference among fresh treatments was insignificant. In color represented by a and b-values, treatment V\ showed the lowest value comparing to other treatments including the control with NO salt. This may be due to the higher content of sodium orthophosphate in Fi treatment. Statistical analysis indicates that the difference among the treatments in a-and b-values was significant. During storage periods there were slight changes in both values until three months storage. The color saturation (chroma) and hue angle had similar trends as in a-and favalues in the treatments when fresh and during storage periods.
Sensory Evaluation
Sensory evaluation of spreadable processed Ras cheese using formulated salt mixtures and Joha S10, S9s or NO (controls) is illustrated in Table ( 7°C  20°C  7°C  20°C  7°C  20°C  7°C  20°C  7°C  20°C   7°C  20°C  7°C  20°C  7°C  20°C  7°C  20°C  7°C  20°C   S10 increased in all treatments during storage. The results were in the trend as obtained from Texture Analyzer for hardness (Abd El-Hamid et al, 1997b) . The different values of firmness in the samples and the changes during storage could be attributed to the emulsifying salt effect on final pH value in the processed cheese and the changes occurred in it during storage. The slight stickiness in treatment T3 may be due to more soluble protein that makes the sample easier to melt and creates more sticky perception. The stickiness properties improved in all treatments and became less sticky during storage. Among all samples there were no crumbliness detected after processing or during storage up to 3 months. The sliceability was related to the firmness of the treatments. All treatments show poor sliceability and this is expected for spreadable processed cheese. The sliceability slightly increased during storage in all treatments. The increase could be related to the changes in the form of emulsifying salts, pH and protein configuration of cheese. The statistical analysis indicates that there was a significant difference among the treatments of fresh samples. The cheese spread exhibited slight changes in the acceptability values of all treatments along with extending the storage period. The samples of T\ and T2 were much better than that of T3.
The data for sensory evaluation of spreadable processed Ras cheese made with formulated mixtures of TSPP+SPP+STPP indicate that the differences in firmness values among all fresh samples were insignificant. The firmness values increased in the cheese during storage in the same trends with two salts. The treatments showed a close values for stickiness and all of them were not sticky. The cheese samples continued unsticky through all storage time. The same trend was noted in crumbliness characteristic. From the same table the sliceability seems to be correlated with the firmness in the samples when fresh and during storage. There were no significant differences among all treatments and control in terms of the general acceptability scores. Processed cheeses with different formulated emulsifying salts used show good acceptability. The acceptability was almost same after storage up to three months at 7±2°C while the cheese stored at temperature 20±2°C was less acceptable. It could be concluded that the spreadable processed Ras cheese could be produced in good quality using an emulsifying mixture of TSPP+SPP+STPP in ratio 60:30:10 comparing to commercial salt S9s. Table 5 show also that there are slight differences among the processed cheese samples with the emulsifying salts STPP + SPP + SOP + STPP. The statistical analysis indicates that treatment F4 is significant differed when fresh and has the lowest firmness value. The stored cheese samples represent higher firmness values and the samples stored at room temperature show the highest values. All fresh treatments are almost non-sticky and treatments F\, F4 were slightly stickier. The stickiness property improved during storage time at both degrees of temperature. All cheese samples were not crumbly and the protein was in very well dissolved form and had smooth texture.
The resultant fresh processed cheese using the salt mixtures Fj, F2, F3 and F4 had low ability to slice and the sliceability was lowest in F4 treatment (Table, 5 ). The difference was statistically significant between F4 and the other treatments. The storage had affected the sliceability of cheese and the stored cheese became more sliceable than that when fresh. The sliceability is correlated to the firmness of cheese when fresh and during storage. All processed cheeses produced using formulated mixture F\, F2, F3 F4 or commercial NO were acceptable. The treatment F4 was the lowest acceptable fresh sample and statistically differed with the other fresh treatments.
